In order to determine the effect of the hydrogel content in the soil substrate on the number of shoots per unit area of grass lawns with different proportions of red fescue and monoculture turf produced from the following fescue cultivars: Adio, Libano, Corail, Simone. In the period 2003-2004, a field experiment was carried out in a randomized block design in four replications. In combination with a hydrogel (Aqua-Gel P4), 0.05 kg×m -2 of sorbent was placed at a depth of 10 cm below the soil surface in 2002. Another experimental factor was the type of fertilizer. Trawovit (a fertilizer with standard effects) and Sierrablen (a controlled-release fertilizer) were used for this purpose. The quantities of fertilizer and time of fertilization date followed manufacturer's instructions. The number of shoots per 1 m 2 was determined at the end of the growing season. The study showed that, regardless of years of cultivation, the type of soil substrate and fertilizer, the average number of shoots for the mixtures was about 32% lower than for monoculture lawns. The presence of the hydrogel in the soil substrate regulated soil moisture, and therefore in the mixture lawns the values of the tested features were significantly higher in the treatments with hydrogel. Fertilization with Trawovit, regardless of the type of soil substrate (H, BH), does not lead to a statistically significant difference in the number of shoots between the studied mixtures. However, in the treatments fertilized with Sierrablen, the presence of the hydrogel in the soil substrate caused a significant increase in the traits examined for the mixtures containing, respectively, 20 and 80% of red fescue in their composition. The addition of Aqua--Gel P4 to the soil substrate, when the turf lawns were fertilized with Trawovit, resulted in a significant increase in the number of shoots for the cultivars Adio, Libano and Corail.
INTRODUCTION
Recently, more and more importance has given to red fescue as an important component of lawns (M a r t y n i a k , 2006), used both to establish decorative lawns and sports lawns (R u t k o w s k a and H e m p e l , 1996) as well as to obtain compactness of soil surface on scarps, slopes and in derelict land (K i t c z a k and C z y ż , 2009). A study of red fescue conducted by M a r t y n i a k (2005) claims that its reproduction is highly dependent on plant density per area unit, emergence, installation of plants and, consequently, on the number of shoots and density of the lawn. In turn, D o m a ń s k i (2002) argues that the most important criterion in assessing suitability of species and varieties of lawn grasses is the coverage of the ground by shoots. He believes that in the years of complete cultivation the degree of coverage is subject to variation and is dependent on the season and on weather conditions. In addition, he draws attention to the dynamics of tillering, directly affecting the overall aspect of the turf. W o l s k i et al. (2006) thinks that the most critical moment is the period of initial growth of plants forming turf and underlines the efficiency of acrylic polymer (hydrogel), which contributes to the development of the root system and green mass, offsetting the impact of unsuitable weather conditions. According to L e c i e j e w s k i (2008) , the hydrogel addition significantly affected the increase of soil moisture and slowed the loss of water at all depths of the studied soil profile. These observations are confirmed by the results presented in another paper (M a r t y n and O n u c h -A mb o r s k a , 1998) which show that the drying rate of greenhouse substrates depends on the proportion of the sorbent. Thus, the sorbent is characterized by high water sorption capacity, increasing water capacity of the soil. This effect may be associated with the interruption of vertical pores in the soil, which reduces evaporation of water, while maintaining soil porosity (M e l l o u l i et al. 1998) . Moreover, according to P o g r o s z e w s k a (1998) and A l -H a r b i et al. (1999) , hydrogel reduces the density of the soil substrate, which contributes to the increase of soil loosening. Soils with higher concentrations of hydrogel dry slower when their moisture content in the initial period is lower. After some time, they have higher moisture content than soil without hydrophilic polymers. Therefore, the aim of this work was to determine the effect of hydrogel placed in the subsoil and of the type of fertilization on the number of shoots per unit area of lawns planted using monocultures and mixtures with varying proportions of red fescue.
MATERIALS AND METHODS
The study was carried out on the basis of two lawn experiments that were set up in a randomized block design in four replications in 2002. The experimental unit was a plot with an area of 1m 2 . The soil substrate used in the experiments belongs to the soil classified as anthropogenic soils (Table 1) .
On the basis of soil chemical analysis done at the Chemical Agriculture Station, it was found that the soil from the studied cultivations was characterized by a neutral reaction -in KCl (Table 2) . According to K o w a l i ń s k i and G o n e t (1999), the level of humus in Polish soils ranges from 0.6 to 6.0%. On this basis, it can be concluded that in the tested soil the humus content was at a medium-high level. Furthermore, it is characterized by a very high content of phosphorus, a high content of magnesium, and an average content of available forms of potassium, total nitrogen, nitrate, and ammonium (G r z e b i s z , 2009).
Meteorological data for 2002-2004 were obtained from the Hydrological -Meteorological Station. In order to determine the temporal and spatial variability of meteorological elements and to assess their influence on the plant growth rate, was calculated Selyaninov's hydrothermal coefficient -K (B a c , 1993), by dividing total monthly rainfall by one-tenth of the sum of average daily temperatures for a given month.
For the study purposes, lawn types were distinguished and called a monoculture lawn (pure sowing) or a mixed lawn (Table 4) . Four cultivars of red fescue (Festuca rubra): Adio, Libano, Corail, Simone, were studied in the monoculture treatment. In the mixed lawns, one of the experimental factors was the proportion of red fescue in the grass mixture. ± 3 % ± 20 % ± 20 % ± 20 % ± 20 % ± 17 % ± 22 % ± 25 % * Expanded uncertainty calculated by using of the expanded index 2, which gives a level of 95% The following factors were examined in the monoculture and grass mixture treatments: type of soil substrate with and without the addition of the hydrogel Aqua-Gel P4 (H), type of fertilizer, months of study (V-X), and years of study (2003) (2004) . In the present experiments, moderately labour intensive lawns (the so-called Relax type) were used.
Nutrients necessary for the proper growth and development of grasses and to guarantee an attractive appearance were provided in two mineral fertilizers: Trawovit (T) (standard fertilizer) and Sierrablen (Sr) (controlled-release fertilizer). Sowing time and rate were determined in accordance with manufacturer's instructions.
At the end of each growing season, samples of turf with the root system were randomly taken from all the plots in three replications. For this purpose, a steel probe (sharpened at the bottom of the cylinder with a diameter of 5 cm and a length of 15 cm) was used; it was hammered down to a depth of 8-10 cm and then, using a special holder in the upper part of the cylinder, a sample of turf (in the cylinder) was removed from the soil. The samples so collected were subjected to calculations of biomass and live shoots, and subsequently, based on the surface area of the disc, the respective values were converted into an area of 1m 2 . The obtained results were statistically analyzed by performing analysis of variance using an analysis model appropriate for randomized blocks. For major sources of variability (factors and interactions), a detailed comparison was made of the means by Tukey's test at a significance level of P  0.05.
RESULTS
The study on monoculture turfs shows that the number of shoots (in no·m -2 ) varied and depended on both red fescue varieties sown and the hydrogel applied. Analysis of variance showed the importance of the interaction between hydrogel and red fescue cultivar. On this basis, it was found that significantly more living shoots per 1 m 2 occurred in the plots with the addition of the hydrogel (Table 5 ). In the mixed lawns, no significant differences were found both between the mixtures and the type of subsoil. For the treatments with and without the addition of Aqua-Gel P4 to the soil substrate, the average number of blades was at a similar level of about 15000 no×m -2
. Favourable weather conditions for the growth and development of grasses in September 2003 contributed the production of a significantly higher number of shoots per unit area compared to the second year. In 2004, about 45% fewer shoots per 1 m 2 was recorded in the monoculture lawns and about 36% in the lawns with the grass mixtures. The reason for this could be a strong drought which inhibited the growth and development of aerial parts of grasses. Moreover, in the lawns with the red fescue cultivars the number of shoots depended significantly on the hydrogel used in the soil substrate. An increase by about 8.914 shoots per 1 m 2 , on average for the study period, was found in the plots with the contribution of red fescue. In 2003, 6943 fewer grass blades were produced in the monoculture turf plots without Aqua-Gel P4 compared to the treatments where it was used. However, in the year with unfavourable weather conditions (2004) its addition caused a 51% increase in the number of shoots. Such a beneficial increase in the aboveground parts of the red fescue plants was possible due to the fact that the hydrogel ensured adequate moisture conditions.
Furthermore, in the plots without the addition of the hydrogel, the number of shoots in all monoculture lawns was lower. This study also showed that the number of shoots of the tested cultivars (average for years) also depended on the interaction hydrogel x fertilizer x red fescue cultivar (Fig. 1) , what allowed us to find that the addition of Aqua Gel -P4 to the soil and fertilization with Trawovit caused a significant increase in the number of shoots in the cultivars Adio, Libano and Corail in relation to the subsoil without hydrogel. ) for each monoculture lawns depending on the type of soil substrate and fertilizer (average for [2003] [2004] Statistical analysis of the obtained results from the mixed lawns showed a significant effect of the type of mixture on the number of shoots (Table 6) . It demonstrates that mainly the species composition of the mixture determines the number of shoots. Significantly, the greatest number of shoots (average for years) was recorded for M1 mixture that contained, in addition to 20% of red fescue, seeds of the cultivar Adio, up to 20% of perennial ryegrass (Inka), sheep fescue (Noni), heterophyll fescue (Sawa), brown top grass (Niwa). The significantly lowest number of shoots was obtained on the plots with M2 mixture with a 40% share of red fescue. These data showed that in the tested mixtures the percentage of red fescue was not the determining factor, but more the other species of lawn grasses. However, the studied monoculture turfs of red fescue cultivars were not statistically different, although the cultivar Corail had the highest number of shoots and the cultivar Adio Polish the smallest one. Table 7 The number of shoots (in no×m -2 ) on average for the studied lawns depending on fertilizers applied during the study period (2003) (2004) Another factor that determined the higher production of shoots by the tested lawn turfs was the type of fertilizer applied (Table 7) . Based on analysis of variance, it was demonstrated that nutrients supplied in the form of the controlled-release fertilizer Sierrablen interact significantly better, with the studied red fescue cultivars producing a greater number of shoots per 1 m 2 . The varieties produced on average about 4551 live shoots more on the surface where this fertilizer was applied than in the plots where Trawovit was used. In 2003 the lawn grass species used in the mixtures produced a similar number of shoots in the treatments fertilized with both Trawovit and Sierrablen, but in 2004 the mixtures fertilized with Sierrablen produced about 1,783 shoots more than in the plot fertilized with Trawovit, although these differences were not statistically significant.
In view of these results (Fig. 2) , the interaction year x fertilizer x red fescue cultivar was found to be also important for assessing the number of shoots (no×m ) was noted for the cultivar Simone fertilized with Sierrablen. However, fertilization with Trawovit in the first year of full cultivation gave significantly the highest number of shoots in the plots where the cultivar Adio was sown, while in the second year in the plots with the Corail cultivar. The tested red fescue cultivars, regardless of fertilizer type, developed more shoots in the first year of full cultivation, and among the fertilizers, Sierrablen had a more beneficial effect on this trait than Trawovit. In the case of mixed lawns (Fig. 3) , a greater number of shoots was also obtained in the first year of the study (2003), regardless of the type of fertilizer. Furthermore, the quantity of shoots in the first year was comparable in all mixtures regardless of the type of fertilizer applied. However, in the year 2004 with unfavourable weather conditions for the growth and development of grasses, the controlled-release fertilizer Sierrablen was a better fertilizer.
In turn, the combination of hydrogel and Sierrablen showed that a significantly higher number of shoots was developed by M1 and M4 mixtures. These data show a different response of the tested mixtures to the type of soil substrate and to fertilizers used in the experiment. In the lawns of turf grass mixtures on the base of red fescue, the treatment combinations with hydrogel and fertilizer determined to a lesser extent the development of above-ground parts in the various mixtures. Fertilization with Trawovit, regardless of the addition of the hydrogel, does not lead to a statistical difference in the number of shoots between the studied mixtures. A slightly higher number of shoots was obtained after the application of the other fertilizer, Sierrablen, although in both plots, with and without hydrogel, M1 and M4 mixtures had the largest number of shoots. This shows that the percentage of red fescue in the tested mixtures does not determine the number of shoots in a sward, but it is determined more by the type of fertilizer used as well as the addition of hydrogel to the soil substrate. 
DISCUSSION
The present study showed that the addition of the hydrogel to the soil caused an increase in the number of shoots of lawn grasses. A particularly significant increase in the number of shoots between the examined soil substrates occurred in the monoculture lawns of red fescue cultivars. The number of shoots in the treatments with hydrogel was almost 50% higher than in the treatments without hydrogel. A similar effect was obtained by C z e l u ś c i ń s k i et al. (2006) who found that hydrogel used in the study with perennial ryegrass significantly affected the increase in the number of shoots of evaluated lawn grasses in individual study years. Its activity was more intensive especially in the years when with the most adverse moisture conditions. In a study conducted by Sady and Domagała (1995) , hydrogel called Ekogel MI, incorporated into the soil, had a very positive impact on the growth of fresh weight of tested grasses. These results are also confirmed by studies of other authors (G e h r i n g and L e w i s , 1980; H e l i a et al. 1992) , showing a definite effect of hydrophilic polymers to improve the conditions of plant growth by stabilizing the soil moisture. M i c h al a k and H e t m a n (1997), examining the effect of hydrogel on the growth of seedling rebate plants, showed that the mass of marigold shoots produced in soil with Akrygel was higher by about 38.4%, while for ginseng it was about 29.5% compared to plants produced without the presence of hydrogel. Analyzing the study factors in their experiments, K o ś c i k and K ow a l c z y k -J u ś k o (1998) found that the number of leaves on the tested plants significantly depended on the interaction of hydrogel and soil conditions.
The cited authors showed that the greatest effect of hydrogel occurred on the lightest soil. According to G ó r e c k i and P a u l , (1993) the most effective use of hydrogel materials was observed on permeable, dry and poor soils.
Regardless of hydrogel treatment, the type of fertilizer used also had an effect on the number of shoots of lawn grasses. The study showed that fertilization of the lawns with the fertilizer Sierrablen had a greater impact on the number of shoots formed than Trawovit. These differences were clearer in the monoculture lawns of red fescue cultivars (approx. 22.7%) than in the mixtures (about 5.5%). The study of J a n k o ws k i et al. (2011) shows that, from the tested fertilizers, Sierrablen had a favourable impact on colour improvement in monoculture lawns, but in mixed lawns it was Trawovit. It shows varying responses of individual grass species used in the studied mixtures to mineral fertilizers applied.
Given the beneficial effects of hydrogel on the increase in the number of shoots and in view of its beneficial impact under unfavourable moisture conditions, it is advisable to conduct further research into its wider use in lawn cultivation.
CONCLUSIONS
Due to the differences found in the number of shoots in the studied turf grasses in the study years, it can be concluded that the number of shoots produced by the tested cultivars of red fescue and by its mixtures depended on the meteorological conditions prevailing in each year of full lawn cultivation.
The average number of shoots in the mixtures was about 32% lower than in the monoculture lawns and it depended on the type of mixture (proportion of red fescue), the cultivar forming a monoculture, and the use of hydrogel in the soil substrate.
The addition of Aqua-Gelu P4 to the soil with Trawovit fertilization resulted in a significant increase in the number of shoots in the cultivars Adio, Libano and Corail in relation to the soil substrate without hydrogel.
Fertilization with Trawovit, regardless of the type of soil substrate, does not lead to a statistically significant difference in the number of shoots between the studied mixtures. However, in the plots fertilized with Sierrablen, the presence of hydrogel in the soil substrate caused a significant increase in the traits examined for the mixtures containing, respectively, 20 and 80% of red fescue in their composition.
Wpływ hydrożelu i różnego rodzaju nawozów na liczbę źdźbeł z darni trawników utworzonych przez monokultury odmian kostrzewy czerwonej (Festuca rubra L.) i jej mieszanek S t r e s z c z e n i e W badaniach określano wpływ zawartości hydrożelu w podłożu glebowym na liczbę pędów przypadających na jednostkę powierzchni muraw trawnikowych o zróżnicowanym udziale kostrzewy czerwonej. Ponadto w drugim doświadczeniu badano odmiany kostrzewy czerwonej (Adio, Libano, Corail, Simone) wysiane w siewie czystym. W tym celu w latach 2003-2004 przeprowadzono dwa doświad-czenia poletkowe w układzie losowanych bloków w czterech powtórzeniach. W kombinacji z hydrożelem (Aqua-Gel P4), sorbent w ilości 0,05 kg×m -2 umieszczono na głębokości 10 cm pod powierzchnią gleby. Kolejnym czynnikiem badawczym był rodzaj nawozu. W tym celu zastosowano Trawovit Komplet (nawóz o standardowym działaniu) oraz Sierrablen (nawóz długo działający). Ilości i termin wysiewu nawozu dostosowano do wskazówek producenta. Liczbę źdźbeł przypadającą na 1 m 2 powierzchni określono na koniec sezonu wegetacyjnego. Otrzymane wyniki poddano analizie statystycznej, a dla istotnych źródeł zmienności dokonano szczegółowego porównania średnich testem Tukey'a, przy poziomie istotności p 0,05. Przeprowadzone badania wykazały, że niezależnie do lat użytkowania, rodzaju podłoża (H, BH) i nawożenia, średnia liczba pędów trawników mieszankowych była niższa o około 32 % od upraw monokulturowych. Udział hydrożelu w podłożu regulował wilgotność gleby, dlatego też w zasiewach mieszankowych odnotowano istotnie wyższe wartości badanej cechy na obiektach z hydrożelem. Nawoże-nie Trawovitem, niezależnie od rodzaju podłoża, nie powodowało statystycznie istotnych różnic w liczbie źdźbeł pomiędzy badanymi mieszankami. Natomiast na obiektach nawożonych Sierrablen, udział hydroże-lu w podłożu powodował istotny wzrost badanej cechy dla mieszanek zawierających w swoim składzie 20 i 80 % kostrzewy czerwonej. Dodatek Aqua-Gelu P4 do podłoża przy nawożeniu muraw Trawovitem, spowodował istotny wzrost liczby źdźbeł u odmian Adio, Libano i Corail.
